SCIENTIFIC SECTION

Hyperthermia, antipyretics and function
of polymorphonuclear leukocytes

T.W. AUSTIN,* MD, FRCP[C]; G. TRUANT,{ BS

Whether hyperthermia (temperature,
40°C), salicylates, acetaminophen or
phenacetin has an adverse effect on
polymorphonuclear leukocyte (PMNL)
function was examined. Migration
experiments were carried out in Boyden
chambers with bacterial chemotactic
factor as the attractant, and bactericidal
assays were done with Staphylococcus
aureus and serum from an AB blood
group donor as a source of opsonins.
PMNL viability was determined by
the trypan blue exclusion method.
Neither hyperthermia nor any of the
drugs tested affected PMNL viability
adversely, but sodium salicylate and
phenacetin suppressed PMNL migration.
Early staphylococcal killing was greater
at 40°C; however, after 2 hours the
converse was true. Bactericidal activity
was suppressed by acetylsalicylic acid,
sodium salicylate and phenacetin.
Hence it appears PMNL function is
similar at 37° and 40°C but that some
commonly used antipyretics have an
adverse effect on PMNL activity.

On a examiné si I'hyperthermie (une
température de 40°C), les salicylates,
I'acétaminophéne ou la phénacétine
avaient un effet adverse sur la fonction
des leucocytes polymorphonucléaires
(LPMN). Des expériences de migration
ont été réalisées dans des chambres
de Boyden utilisant un facteur de
chimiotaxie bactérien comme stimulant,
et des essais d'effet bactéricide ont
été faits sur Staphylococcus aureus
avec le sérum d'un donneur de type AB
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comme source d’opsonines. La survie
des LPMN a été déterminée par la
méthode d’exclusion du bleu trypan.

Ni I'hyperthermie ni aucun des
drogues testées n’ont nui a la survie
des LPMN, mais le salicylate de sodium
et la phénacétine ont supprimé la
migration des LPMN. Au début, la
destruction du staphylocoque était plus
grande a 40°C; toutefois, aprés 2 heures
on a constaté l'inverse. L'activité
bactéricide a été supprimée par I'acide
acétylsalicylique, le salicylate de sodium
et la phénacétine.

Dongc, il semble que la fonction des
LPMN soit semblable a 37°C et & 40°C
mais que quelques uns des anti-
pyrétiques d'usage courant aient un
effet adverse sur I'activité des LPMN.

Although hyperpyrexia is a cardinal
sign of infection, its role in the morbid-
ity of an infectious illness is unclear.'
Studies with animals have demonstrated
that the mortality following bacterial
infection can be reduced by preventing
fever.? Similar evidence for humans is
lacking.?

Agents used to reduce temperature
have potentially serious side effects,
which include coagulation and acid-
base disturbances with salicylates,* he-
patotoxicity with acetaminophen® and
nephrotoxicity ascribed to phenacetin.®
If these drugs interfere with the host
defence response they may be detri-
mental to the person with an infectious
illness. In this paper the effect of hy-
perthermia (temperature, 40°C) and
the antipyretics mentioned above on
polymorphonuclear leukocyte (PMNL)
viability and function was ascertained.

Methods

Healthy adult donors were used as
the source of PMNLs. The cells were
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isolated by a method previously de-
scribed” and then suspended in Krebs—
Ringer phosphate (KRP) solution, pH
7.45, to which was added 0.006 M
glucose and 0.35% bovine serum al-
bumin (Sigma Chemicals, St. Louis,
Missouri).

Chemotactic attractant was prepared
from the bacteria-free supernatant of
an 18-hour growth of Escherichia coli
(hospital strain) in medium 199 (Difco
Laboratories, Detroit, Michigan). This
was diluted to 25% by volume with
KRP solution, then placed in the lower
compartment of a Boyden chamber
(Schileicher and Schuell, Keene, New
Hampshire). Simultaneous drug-free
controls were run with 25% medium
199 in KRP solution. The upper cham-
ber containing 2.5 X 10° PMNLs was
separated from the lower by a mem-
brane filter (3-um pore size) (Sartorius-
membrane filter GMBH-34, Gottingen,
West Germany). All testing was carried
out in duplicate.

The chambers were incubated for 3
hours in a humidified environment; the
filters were then removed, fixed,
stained, mounted® and examined. The
average number of cells that had mi-
grated to the undersurface of the filter
membrane in five random fields within
the area of a Whipple micrometer disc
(Canlabs Limited, Toronto) at a magni-
fication of X400 was determined.
The average value from the control
chambers representing random migra-
tion was subtracted from the stimulated
value to give a final number expressed
as the chemotactic migration value.

In the bactericidal experiments, a
hospital strain of Staphylococcus aureus
was grown overnight in trypticase soy
yeast broth (Difco Laboratories), sep-
arated by centrifugation, washed and
resuspended in 0.9% sodium chloride
to approximately 5.0 X 10" colony
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forming units (CFU)/mL. To 0.1 mL
of this was added 0.5 mL of PMNL
suspension containing 1.0 X 107 cells,
0.1 mL of serum from an AB blood
group donor as a source of opsonins,
0.1 mL of the appropriate drug dis-
solved in 0.9% sodium chloride, with
KRP solution added to a total volume
of 1.0 mL. Any shift in pH secondary
to the drugs tested was corrected with
10% sodium bicarbonate. The mixture
was placed in capped plastic culture
tubes (Falcon, Oxnard, California) and
agitated on a Hema-Tek aliquot mixer
(Fisher Scientific Co. Ltd., Toronto).
Control tubes lacking PMNLs were run
simultaneously. A zero-time specimen
was taken from the bacteria—saline sus-
pension and O0.1-mL aliquots were
removed from the culture tubes 15,
30, 60 and 120 minutes after incuba-
tion. These were diluted serially with
distilled water and quantitative pour-
plates were made. Results were counted
after 24 hours of incubation at 37°C.
All assays were done in duplicate, the
final result being the average of the
two values.

Chemotactic and bactericidal ex-
periments were carried out at 37°C,
with the exception of the hyperthermia
experiments, which were run at 40°C.
In all experiments, cells were preincu-
bated for 60 minutes in the appro-
priate concentration of drug and at the
appropriate temperature.

Viability testing was done with the
trypan blue exclusion method.® Testing
- was carried out after 3 hours of incu-
bation at 37° or 40°C.

Drugs tested included acetylsalicylic
acid (ASA) (Sigma Chemicals, St.
Louis), sodium salicylate (Aldrick
Chemical Company, Montreal), aceta-
minophen (Sigma) and phenacetin (Sig-
ma). Concentrations tested ranged from
levels considered therapeutic in vivo to
those clearly recognized as toxic. Re-
sults were analysed by Student’s r-test
and P values equal to or less than 0.05
were considered significant.

Results
PMNL viability

No reduction in PMNL viability was
noted with any of the drugs tested at
any concentration or at an ambient
temperature of 40°C. In all cases, more
than 95% of cells were viable after 3
hours of incubation.

Chemotactic migration

A temperature of 40°C and concen-
trations of ASA and sodium salicylate
up to 50 mg/dL had no effect on
PMNL migration. However, activity
was suppressed with sodium salicylate
at a concentration of 75 ng/dL. Ace-
taminophen in concentrations up to
100 ug/mL did not affect migration

whereas phenacetin at all concentra-
tions tested (20 to 100 ug/mL) did
(Fig. 1). Because salicylates reduce
PMNL adhesion,”® cell counts were
made from the fluid of the lower com-
partment of the Boyden chambers of
drug-treated and nontreated cells. In
all cases a concentration of PMNL of
less than 2.0 X 10°/L was found,
ruling out the possibility that the low
values observed with sodium salicylate
and phenacetin were secondary to im-
paired adhesion of the cells to the
undersurface of the chemotactic filters.

Bactericidal activity

Both ASA and sodium salicylate
were associated with reduced staphylo-
coccidal activity at concentrations of
25 mg/dL while acetaminophen at a
concentration of 100 pg/mL was not.
Phenacetin caused marked depression
of bactericidal activity at this concen-
tration. Shortly after bacterial-PMNL
incubation, an ambient temperature of
40°C favoured staphylococcidal ac-
tivity. After 2 hours of incubation the
situation was reversed (Fig. 2).
Discussion

Whether fever is detrimental to the
course of an infectious illness in hu-
mans is unknown. The associated
tachycardia, increased cardiac output
and negative nitrogen balance!' can be
so viewed, particularly in the elderly or
chronically ill. During childhood, con-
vulsions may be associated with fever
although it is believed that the rapidity
of temperature change, rather than the
temperature itself, is the main cause
(C.G. Ray: personal communication,

1976). Conversely, in certain experi-
mentally induced viral'* and bacterial'®
infections, euthermia may result in an
increased mortality. Further it has been
shown that antipyretics can increase the
shedding of rhinoviruses by humans
with upper respiratory tract infections.™

Antipyretic agents often have unde-
sirable side effects. Platelet function
may be abnormal at low blood sali-
cylate concentrations, while at concen-
trations greater than 25 mg/dL, acid—
base, neurologic and renal abnormal-
ities occur.* Phenacetin is used infre-
quently at present because of its well
recognized association with renal dam-
age.” In vivo phenacetin is altered by
the liver to acetaminophen,” a com-
pound that appears relatively nontoxic,
but which in large amounts can cause
liver injury and sometimes death.®

None of the drugs tested adversely
affected PMNL viability after 3 hours.
ASA and acetaminophen had no effect
on chemotactically mediated PMNL
migration although phenacetin and high
concentrations of sodium salicylate did.
In vivo ASA is reduced to the salicylate
salt.* Therefore, the results obtained
with sodium salicylate may be more
relevant than those obtained with ASA.
Both salicylates at a concentration of
25 mg/dL, which in the blood is gen-
erally considered nontoxic, suppressed
PMNL bactericidal activity. Phena-
cetin exerted a similar effect whereas
acetaminophen at concentrations up to
100 ug/dL did not.

Salicylates alter leukocyte metabol-
ism and function. With lymphocytes,
concentrations of 30 mg/dL suppress
nucleic acid and protein synthesis.*
In addition, salicylates suppress the
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FIG. 1—Polymorphonuclear leukocyte (PMNL) chemotactic activity. Ambient tempera-
ture of 40°C and acetylsalicylic acid (ASA) and acetaminophen did not adversely affect
PMNL migration, whereas sodium salicylate and phenacetin did. Results represent
mean =+ standard deviation. Na—SA = sodium salicylate; NS = not significant.
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generation of hydrogen peroxide within our study was secondary to impaired
phagocytosing PMNLs."” ASA and ace- intracellular killing. The mechanism
taminophen appear to have no effect may be interference with lysosomal
on the accumulation of leukocytes in lability.*

avian joints following injection of so- Evidence to date indicates clearly
dium urate.”® This finding is consistent that salicylates and acetaminophen act
with our observation that these agents centrally to control fever® rather than
at therapeutic blood concentrations through interference with the produc-
have no effect on PMNL migration. tion or release of leukocyte endogenous
The reduction in the generation of hy- pyrogen. It therefore seems unlikely
drogen peroxide, as well as Pachman’s'” that interference with PMNL meta-
demonstration of normal bacterial bolism is necessary to produce the anti-
phagocytosis in the presence of sali- pyretic effect of these agents.

cylate, is consistent with the possibility In view of the similarities in PMNL
that the reduced bactericidal activity in migratory and bactericidal activity at
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FIG. 2—Polymorphonuclear leukocyte bactericidal activity. Acetaminophen and
ambient temperature of 40°C did not adversely affect bactericidal activity whereas
phenacetin, ASA and sodium salicylate did. At concentrations of 50 and 75 mg/dL
salicylates were associated with greater suppression of staphylococcidal activity. Results
represent mean =+ standard deviation. P values are shown along ordimate. CFU —
colony forming units.

37° and 40°C, one might question
whether hyperpyrexia need be con-
trolled in patients with acute bacterial
infections. As acetaminophen has no
demonstrable adverse effect on these
PMNL functions at concentrations well

in

excess of those seen clinically** and

is as effective an antipyretic as ASA,***
it may be the preferred drug, if one is
used.
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